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EXECUTIVE SUMMARY 


1. INTRODUCTION 

1.1 Objectives 

The objectives of the ECONERGY study are: 

• to develop a unified methodological framework for the comparison 
of intercity passenger and freight transportation systems 

• to review the attributes of existing and future transportation 
systems for the purpose of establishing measures of comparison. 

These objectives have been achieved and. in addition, were made more 
specific to include: 

• development of a methodology for comparing long-term transporta- 
tion trends arising from implementation of various R&D programs 

« definition of value functions and attribute weightings needed 
needed for comparing alternative policy actions for furthering 
transportation goals. 

It was not an objective of the Phase I study to implement the methodology 
beyond an illustrative example. While as much realism as possible and 
actual data where readily available, were utilized, the conclusions con- 
cerning transportation alternatives are, nevertheless, only illustrative. 

1.2 Reasons for Innovation in Evaluation of New Transportation Systems 

Economic and social trends over the next 30 years will create pressures 
for changing the nation's transportation system in significant ways. 
Decision-making at the national level must be responsive to complex 
value systems representing transportation, envi ronmental , societal, and 
economic policies and objectives. 

Unfortunately, current planning technology has neither the analysis 
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models nor the data base for adequately dealing with: 

• the complexity of Intercity transportation systems 

• the complexity of the Interactions between a transportation 
system and the environments In which it is embedded. 

• definition and application of the complex value systems that 
underlie transportation decision-making 

• a long-term planning horizon. 

Stated national policies emphasize "the protection and enhancement of 
the natural and human environment, the need for coordinating transpor- 
tation improvement projects with related social, economic and environ- 
mental programs, and the desirability of fostering an open, informed and 
participatory decision-making process. The national policies nave been 
articulated in such Federal legislation as the Department of Transportation 
Act of 1966 which requires: 

'...the development of national transportation policies and programs 
conducive to the provision of fast. safe, efficient, and convenient 
transportation at the lowest cost consistent therewith and with 
other national objectives, including the efficient utilization and 
conservation of the Nation's resources,' 

the Federal -Aid Act of 1970 which requires: 

'...that possible adverse economic, social and environmental effects 
relating to any proposed project on any Federal -Aid system have been 
fully considered in developing such projects and that the final 
decisions on the project are made in the best overall public interest, 
taking into consideration the need for fast, safe and efficient 
transportation, public services, and the costs of eliminating or 
minimizing such adverse effects,' 

and the National Environmental Policy Act of 1969 , which requires: 

'...a systematic, interdiscipl inarv approach which will insure the 
integrated use of the natural and social sciences and the environ- 
mental design arts in planning and in decision-making which may have 


an Impact on man's environment* * H 


Furthermore! attention Is becoming Increasingly focused on the Initial 
activities of the system acquisition process, on demonstrating that a 
choice of t. ansportatlon concept or technology will achieve stated objec- 
tives, and on generally satisfying the information requirements of major 
decision milestones In the planning and development of major systems* 

1.3 Features of Methodology 

1. Oriented to Decision Making 

The primary purpose underlying comparison of Intercity transportation 
systems Is to provide Information for **.? in transpor- 

tation planning, design, and management. 


Therefore: 

• It is desirable to be able to revie*, discuss and communicate 
the bases for major decisions. 

• evaluation of alternatives should be consistent. 

• evaluation of alternatives should fee compatible with stated 
policies and objectives. 

2. Transportation Performance Evaluated in Terms of Economic and 
Social Values: 

• relative worth functions are determined for a number of per* 
formance criteria 

• weighting values are assigned 

• relative worths over time are incorporated fey means of dis- 
counting 


3. Introducing the Aspiration Concept: 

• new transportation systems are evaluated over very long-run 
planning periods 



• an aspiration for the long-term kind of transportation system 
which is presently deemed desirable is established 

4. Provides Justification for RID Funding: 

• in order to achieve the -spired transportation system of the 
long-run future* various technological developes will be 
needed; RID programs will have to be initiated 

• the timing for RIO decisions will be established by lead- 
times required for Introducing new technologies 

5. Responsive to Agency Goals 

0MB Circular A- 1 09 states that federal agencies, when acquiring major 
systems: 

• will express needs and program objectives in mission terms 
and not in equipment terms 

• will place emphasis on the Initial activities of the system 
acquisition process to allow competitive exploration of 
alternative system design concepts In response to mission 
needs 

• should ensure appropriate trade-offs among investment costs, 
ownership costs, schedules and performance characteristics . 

1,4 Def ini tions 

Because of possible semantic confusion, certain words are defined in 
the ECONERGY methodology. These words are often used in different 
contexts in other studies. 

t Mode; a means of transportation -- aircraft, tracked- 

vehicle, automobile, buses, trucks, etc. 

• System: the set of modes providing transportation in 

the specified intercity region; a system is 
not a network comprised of linkages of a parti- 



cula*' mode as, for example, an airline route 
network 


• Alternative: 


• Aspiration: 


a particular mix of modes comprising a system; 
a particular system design as, for example, air, 
automobile, bus, rail, etc. 

the long term desired features for the trans- 
portation system 


- 5 - 



THE EC0NER6Y APPROACH 


2,1 The Decision Situation 

The primary objective of the Phase i Study was "to develop a unified 
framework for the comparison of intercity passenger and freight trans- 
portation systems, * The Study was "to establish a consistent, uniform 
framework whereby any set of modal transportation systems may be evalu' 
ated in the context of a defined decision situation". 


The decision for which the methodology has been particularized involves: 

1. A long-range planning period - 50 years is considered appropriate 
to include planning, design and development, construction and 
operation of an intercity transportation system. 

0. A broad geographic region - a region comprised of an intercity 
corridor, urban centers, and a non-urban, non- corridor area. 


3. Cc sideration of significant social and economic (including 
demographic and environmental) effects . 


4, Identification of future needs, expressed not only in terms 


of travel demands but also in terms of housing, recreation, 
and other community quality objectives. A key element of the 
methodology is the specifying of aspiration levels for both 
transportation and societal factors and using these aspir- 
ations as explicit guidelines for the transportation planning 
and design activi ties . 


5. Evaluation of a multi-mode system as opposed to a single-mode 
evaluation. The alternative systems include most or all modes 
but with varied modal splits. 


Identi fixation of long-term transpor 
improvement priorities and implement 


tat ion investment and 
at ion schedules that 



reflect those priorities. 


The decision that the comparison methodology Is designed to support Is: 

The selection of the "best" Intercity modal transportation concept 
for support by the Federal government, where support may be either 
through direct financial aid or through R&D f?mding of premising 
technologies . 


The evaluation framework Is designed for decision-makers In agencies 
of the Executive Branch of the Federal government. 

2.2 Methodological Framework 

Every decision involves, either explicitly or implicitly, the activities 
indicated in Figure 1 (Figure 2.1 of the report). 

2.3 Comparison Framework 

Management has no choice as to whether the activities identified in 
Figure 2 (Figure 2.2 of the report) will be performed in a given decision 
situation. One way or another, synthesis, analysis and evaluation will 
be performed, in that sequence, in order to generate the information on 
which the decision Is based. 

Management does, however, have options concerning: 

(1) the type of information to be explicitly generated 

(2) the models to be used for analysis and evaluation 

(3) the sources of needed data 

(4) the physica 1 . financial and personnel resources to be assigned 
to synthesis analysis and evaluation 

(5) the timing of the development of the synthesis, analysis and 
evaluation capabilities 

The decisis n-orlented problem-solving methodology depicted in Figure 2 
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Formulation of 
Descriptions of 
Transportation 
Alternatives and 
The Keg ion 



Figure 1 - Information Processing for Decision-Making 



Define the Decision SI tuition 



Figure 2 - The Decision- Oriented Problem Solving Process 

(The Decision Process) 
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presents i sequence of activities designed to provide maximum guidance 
for determine the five options above. 

2.$ The Evaluation Model 

Management requirements for decision-oriented evaluation imply not only 
that physical and socio-economic systems be modeled for ^mtysis (the 
estimation of outcomes) but also that the appropriate value system be 
modeled for purposes of communication, consistency, and compatibility, 
furthermore, having a model of the value system to be used In evalu- 
ating alternatives explicitly defines the outputs required of analysis 
and, hence, guides the Identification of models to provide such out- 
puts. 

The evaluation model should: 

e Identify and define the JeHsisn cnmiteiHa* the specific quanti- 
fiable variables suitable for comparison of alternative Inter- 
city passenger- freight transportation systems. 

• Display how the decision criteria are derived from and relate 
to those general and conceptual measures of a transportation 
system and service which will appropriately portray the overall 
economic and technical characteristics of any transportation 
system, 

• Present quantitative weighting relationships to be used In trans- 
forming estimates of consequences, measured In physical or eco- 
nomic units. Into relative worth. 

• Combine weighting relationships of the individual criteria into 
an objective function for computing the relative worth of each 
transportation alternative. The objective function will provide 
the uniform means of comparing the attributes of the different 
modal systems. 


2.5 Hierarchy of Values 


Available theory does not provide explicit guidance for selection of 
an approplrate set of decision criteria. There Is no generally-accepted 
objective, automatical ly-appllcable procedure for Identifying a set of 
criteria which contain all significant criteria that are relevant to 
the decision to be made, The fomulation of the set of criteria is 
primarily judimental* 

The technique established as the most useful approach to guiding Judgment 
In Identification of a set of criteria Is the hierarchy of values or rel- 
evance tree. The usefulness of this technique derives from the obser- 
vation that goals and objectives can be analyzed to define general factors 
Influencing their achievement. The ECONERGY basic hierarchy Is shown 
In Figure 3. 


2.5.1 Transportation Effects 


The transportation Impacts of an example alternative case are measured 
under Transportation Effects (V by three categories of criteria: 
Intercity Transportation Effectiveness (1*1), Costs (1*2), and Urban 
Facilities (1.3), The effectiveness In achieving the primary mission 
of a transportation system — to transport people and goods — Is 
measured by two comparison criteria; Passengers (1.1*1) and Freight 
( 2*1*$)* Both Passengers and Freight. In the illustrative example, are 
defined to Include people and goods, respectively, carried by the Inter- 
city system (Figure 4). 


The flow of funds into and out of the Intercity transportation system 
Is measured under Costs (1.2) by three criteria: investment (1.2.1), 

Operating Costs (1,2.2), and Operating Surplus / Subsidy (1.2.3}* Invest- 
ment and Operating Costs are the estimated necessary flows of dollars 
Into the transportation system. Operating Surplus depends on fare 
structure and ridershlp and may be either an additional dollar flow 
into the transportation system, subsidy, or a return from the system. 




Figure 3 - Hierarchy of Values (Top Level) 
















through Operating Surplus* of some or all of the Investment and Operating 
Costs* 

The urban Interface between the Intercity transportation system and other 
transportation systems Is represented by Urban Facilities (1.3). Both 
under-utilization of and excessive demands on urban facilities are 
represented by Airports (1.3.1), Railroad Stations (1.3.3), Bus Stations 
(1.3.3) and Roadways (1.3.4). 

2.5.2 Societal Effects 


Societal Effects (2) are measured by effects on Human Resources (2.1) 
and on Physical Resources (2.2). Human Resources (2.1) are measured by 
the distribution of people. Demography (2.1.1), and by their Health 
Status (2.1.2). Demography could be partitioned Into population densities 
of various geographical areas within the defined region and households 
displaced. For purposes of the Illustrative example, however. Demography 
is represented by a population density criterion that measures population 
shifts Into or out of the urban centers. The health impacts of environ- 
mental pollution, accidents, and criminal acts could be evaluated 
separately. Also, various health Indices are available for measuring 
health status (e.g., Berg, 1973; Fanshel and Bush, 1970). For the 
Illustrative example, however, the health effects of environmental pollu- 
tion, accidents and criminal acts are all Included under Health Status 
(2.1.2), and impact on health status per se is measured by "injuries", 
which includes all degradation to health, including death. 


Impacts on Physical Resources (2.2) could be measured by a large number 
of criteria, depending on the location of the intercity system and the 
concerns of the decision-makers. The entire gamut of factors to be con- 
sidered In Environmental Impact Statements is properly Included in this 
segment of the hierarchy. For purposes of the illustrative example, 
the effects on Physical Resources are represented by Land Use (2.2.1), 
Property Damage (2.2.2), Raise Levels (2.2.3), and Visibility (2.2.4). 

It is to be emphasized that environmental impact is measured through 
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mission effectiveness criteria such as operating noise levels and pollution 
levels. The effectiveness criteria are envrionmental attributes and 
Include contributions of non-transportation sources of, for Instance, 
noise and pollution. The p«r/bnr criteria with respect to noise and 
air pollution emissions would be the characteristics for use as design 
requirements during engineering development of the transportation hard- 
ware. (Figure 5), 


2.5.3 Economic Effects 


The Impacts of an intercity transportation alternative on the regional 
economy are measured under Econcmic Effects (3) by effects on people, 

Eman Resources (3*2); and on the economic system, Business and Cameras 
(3,3). The effect on Human Resources Is measured by Employment (3,2,2), 


Physical Resources (2,2) is represented by . 
current priorities- Business and Camera* 
comparison criteria: Jik'ss Reaional Pro duo 
Produce (3.3,2), (Figure 6). 


emit Fuels (3.2.2) to reflect 
3 . 3 * is measured by two 

(3, 3, 2 ] and Interrejicnal 


2.6 Comparison Criteria 

The set of criteria defined for the evaluation of intercity transporta- 
tion modal concepts is mission-oriented; achieving desired levels of the 
criteria is the mission of the intercity transportation system (Table 1), 
The criteria are measured In the environments in which the Intercity 
transportation system Is embedded and, hence, are applicable to any modal 
concept. Furthermore, the set of criteria: 

• Provides, together with the case description, an unambiguous 
description of the mission of the intercity transportation 
system, 

• Identifies the attributes by which advantages and deficiencies 
of various alternative concepts are measured and made visible. 

Concurrence of agency management in the set of criteria is, therefore. 
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Figure 6 - Hierarchy of Values (Economic Effects) 
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1. 

Transportation Effects 

2. 

Societal Effects 

3. 

Economic Effects 

1.1.1 

Passengers 

2.1.1 

Demography 

3.1.1 Employment 

1.1.2 

Freight 

2.1.2 

Health Status 

3.2.1 Fossil Fuels 

1.2.1 

Investment 

2.2.1 

Land Use 

3.3.1 Gross Regional 
Product 

1.2.2 

Operating Costs 

2.2.2 

Property Damage 

3.3,2 Interregional 
Product 

1.2.3 

Operating Surplus/ 
Subsidy 

2.2.3 

Noise Levels 


1.3.1 

A1 rports 

2.2.4 

Visibility 


1.3.2 

Railroad Stations 




1.3.3 

Bus Stations 




1.3.4 

Roadways 





Table 1 - Comparison Criteria (Illustrative Example) 
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3. THE EVALUATION FRAMEWORK 


3.1 Relative Worth 


The worth of each comparison criterion must be scaled with reference 
to Figure 7, showing three characteristic relative worth functions: 

1. Specify Range of Interest . For each criterion, lower and upper 
limits of the range of Interest are specified. These limits 
are based on an understanding of the particular case description 
under consideration. e range of interest is broad enough 

to Include all anticipated consequences for any of the modal 
alternatives. To permit evaluation of achievement and non- 
achievement of transportation objectives, the range of Interest 
includes both desirable and undesirable magnitudes of each 
criterion. 

2. Identify Threshold . Since the range of Interest specified in 

1 Includes both desirable and undesirable quantities of a cri- 
terion, it must also include a neutral contribution to success 
of failure. This neutral point, or threshold, is indicated 
by Y r 


The importance of specifying the threshold of each criterion 
lies In the fact that all thresholds, re jar dies s of oriterion, 
represent the a axe relative worth — neutral desirability or 
neutral contribution to success or failure — and may, there- 
fore, be assigned the same relative worth number. A relative 
worth of zero is assigned to each so that positive relative 
worth represents a desirable outcome. 


3. Define Relative Worth Functions . The evaluation methodoug. 

utilizes a cardinal scale for measuring relative worth. Defining 
a cardinal scale of measurement requires arbitrarily ancnoring 
two and only two, points on the scale to designated phenomena 
or quantities. 


Any 


nur.cer 


'eonntaues 


U3 i 




needed to identify the relative worth function. 


Whatever the technique , knowledgeable personnel willing to respond to 
ques tions concerning tradeoffs of various amounts of a criterion are 
key to defining a relative worth function. Knowledge and understanding 
of intercity transportation policies and objectives are necessary to 
assure that the relative worth functions comprise an appropriate model 
of the value system to be used in a particular decision situation . 

Figure 8 shows how the procedure might work for the Illustrative example. 

3.2 Relative Weights 

The relative worth functions are scaled so that, for all criteria, a rela- 
tive worth of zero means neutral contribution to achievement of objectives 
One point in common, however, is not sufficent to assure a common scaling 
for all relative worths. A second relationship between criteria is needed 

The second relationship is obtained by considering Y^, the most preferred 
magnitude of a criterion Y. The judgment of knowledgeable personnel is 
needed to assign numbers to the set of Y^ such that the number assigned 
to each Y^ represents its relative contribution to achievement of objec- 
tives. The numbers so assigned are the relative weights, (see Figure 9). 

The relative worths obtained from the relative worth functions are trans- 
formed to a common scaling by miltiplying by the respective relative 
weights. 

A score equal to the relative weights shown on the chart implies a per- 
fect intercity transportation system — one that results in Y^ for all 
criteria over the entire planning period. Obviously, no actual system 
is perfect; tradeoffs among the criteria and imperfections in real systems 
result in overall scores of less than 100. 

The relative worths obtained for alternatives evaluated are placed in 
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Figure 9 - Relative Weights 




















perspective by considering that 100 Is the score for perfection and zero 
Is the score for neutral achievement of objectives. A negative score 
Indicates an alternative that Is, with all tradeoffs considered, an 
unsatisfactory solution to the transportation problem being studied. 

3.3 The Discount Function 

The methodology Incorporates the following three improvements over stan- 
dard discounting practice: 

1. A non-standard discount function may be used. Discounting trans- 
forms prospective relative worths for the various criteria, as 
values over time, to equivalent relative worths in the present; 

It accounts for relative worth of the time dimension. 

2. Provision Is made to discount different value elements dif- 
ferently. Agency transportation policies and objectives may 
require, for example, that lives saved or numbers of people 
employed In the year 2000 be discounted to the present dif- 
ferently from the way In which Investment or operating costs 
are discounted. 

3. The discount function Is applied to the time flow of relative 
worth rather than to the time flew of dollars , or passengers, 

or freight, eta. In conventional economic evaluation of invest- 
ment alternatives, projected alternative time flows of dollars 
(criterion variable) are converted to equivalent present worths 
and then the investor factors this value by his own subjective 
judgement of the relative worth of that present value. The 
problem with this conventional approach is that cash flows 
representing financial disaster in some future year may be 
masked by the present worth conversion. If the time flow of 
dollars is converted to relative worth representing the 
of the flow of dollars in each year, then the present worth 
computation can more accurately measure relative contribution of 
flow over time to achievement of objectives. 



4. CASE DESCRIPTION - ILLUSTRATIVE EXAMPLE 

4.1 Alternatives 

• PORTFOLIOS 

An Important feature of the ECONERGY methodology Is the way In which 
alternative systems are defined. A new tehcnology, for example TACV, 
should not be evaluated only by comparison with what It might eventually 
replace because If such new technology should prove viable. It will 
change the composition of all modes making up the transportation system. 
Therefore, the alternatives are portfolios of modal systems which meet 
the aspirations to a greater or lesser degree. 

• NEW TECHNOLOGIES 

The new technologies to be considered are: 

• tracked air cushion vehicle (TACV) - a high speed fixed guide- 
way system 

• Improved passenger train (IMPT) - an advanced railroad train 
capable of 240 km/hr (150 mi/hr) 

• Improved conventional takeoff or landing aircraft (CTOL) - 
the next generation of commercial aircraft. 

4.2 Aspirations 

Relative worths are non-dimensional 1 zed by dividing by measures unrelated 
to the specific technologies comprising the system alternative. Appro- 
priately, the denominators In the relative worth ratio should be associated 
with the long term aspiration for Improved transportation. Such aspira- 
tion must be determined by examination of feasible long-term economic and 
social projections of population, GNP, urbanization, etc. These pro- 
jections, representing asplred-to-levels , should be optimistic but reali- 
zable. Within such a long-term socio-economic environment., the kind of 


transportation system aspired- to can than bo specified In terms of 
numbers of passengers to bo carried* levels of pollution to be achieved, 
etc., (1,e. Y variables). 

Having established the aspiration of the long-term future and knowing 
how past trends have developed transportation up tc the present, trans- 
portation development* needed to achieve the aspiration are then readily 
determined and specified by the criteria. 

The transportation aspiration Is unrelated to any particular means 
designed to achieve It. The aspiration Is (i.e., 

independent of mode or technology which may be needed to achieve the 
aspiration). 

4.3 Consequences 

There may be a number of designs for achieving the aspiration. These 
designs, including varying combinations of modes and technological 
levels, will all have different levels of crl terla-satlsfactlon. For 
each design, constituting an alternative, the actual criteria levels 
(Y) are determined. These values are the numerators In the abscissas 
of relative worth functions. 

The numerators, being the actual measure of the degree to which the 
aspiration In each variable Is met, are Al^mativv-d^ndant, 


5. EVALUATION 

The evaluation of the results of the example case led to a balanced 
weighting of five alternatives, see Figure 10, Evaluation Results. 

5.1 Sensitivity to Relative Worth Functions 

Choice of alternative may be sensitive to shape of relative worth func- 
tions. In the example case, no change In ordering was Indicated by 
linearizing the relative worth function, although it did indicate a 
shift In importance between Societal Effsc ts and Transportation Effects , 
TACV versus IPT, Table 3. 

5.2 Sensitivity to Relative Weights 

The sensitivity to relative weights were demonstrated by taking two 
viewpoints. These were based on an economic growth value approach and 
a more conservative viewpoint of a hypothetical environmentalist, 

Figure 11. 

5.3 Evaluation of R&D 


When a new technology Is Introduced as a component of a transportation 
system, the comparison of the alternatives Includes the timing of the 
Introduction of the technology. The eventual success of the technology 
and the best time for introducing it into the system will depend on the 
scheduling and funding of R&D programs, as well as on the types of such 
R&D programs. Thus, the application of the ECONERGY methodology, by 
revealing the weighted aggregate relative worths of all the alternatives 
being considered with their related R&D requirements, establishes the 
scheduling and funding requirements for R&D. 

The sensitivity to R&D programs is readily shown by computing relative 
worths of alternatives which are Identical except for the schedule and 
funding of R&D, Figure 12. 
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Figure 11a - Total Relative Worth: 
“Economist's" Weights 




p 

ENVIRONMENTALIST weighting 



ALTERNATIVES 
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Figure 12 - Effects of Additional R&D Funding 
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6. CONCLUSIONS 


A new method for dealing satisfactr rily with long-term development of 
new technology for transportation systems has been Introduced. This ne^ 
method Is based on establishing an lapivnic*: for desirable transportation 
features in a long-run future, compatible with long-term socio-economic 
projections. 

Risk is innate In new technology. However, the risk in any proposed 
technology should be assessed In the overall context of system risk. 

The ECONERGY method, by considering alternatives as rcr*r;V’:W of 
technologies, meets this essential. 

Traditional methodologies for comparing transportation systems have been 
used for specific technologies and t -. specific regional systems. Com- 
parisons are made in terms of perfo: inane neasures usually limited in 
number and with short-term horizons. Tne ECONERGY methodoK provides 
a means for considering any number of variables, but what is ..ore signif- 
icant, shifts the focus from performance to worth of performance. By 
systematic emphasis on concern for those values on which judgmental 
decisions can best be made and providing an integrating mechanism, a 
ma?tz.\\zK «' and readily applied technique is provided. 

In one way or another, a decision is reached by applying some value sys- 
tem -- always judgmental. The ECONERGY methodology calls for breaking 
down the problem into bite-sized elements — the performance variables -- 
and appl ying judments into the transformation to relative worms. "The 
degree to which this subdivision is carried out may improve the results, 
but this is up to the analyst. The level v effort to accomplish the 
evaluation can range from modest to extensive, depending on the degree 
of involvement of expert opinion relative to analytic computation. 

The definition of alternative transportation systems inc'uaes the kinds 
of R&D as well as the potential loss for not launching timely R&D pro- 
grams . 


The Executive Office has specified policies governing new systems acqui 
sition and DOT has established long-term National transportation objec- 
tives. The ECONERGY Methodology is designed to best meet both require- 
ments. 



